Background: HIV-associated nephropathy is accompanied by significant tubular alterations in the form of tubular cell proliferation, apoptosis, and microcystic dilatation. In the present study we evaluated the role of CD4 receptors in HIV-1-induced tubular cell injury. Methods: To confirm the presence of CD4 receptors in tubular cells, immunocytochemical, Western and Northern blot studies were carried out. To determine the downstream effect of CD4 and gp120 interaction, we evaluated the effect of gp120 on tubular cell p38 mitogen-activated protein kinase (MAPK) activity and phosphorylation. To establish causal relationships between gp120, CD4, and p38 MAPK pathways, we studied the effect of anti-CD4 antibody and SB 202190 (an inhibitor of p38 MAPK) on gp120-induced tubular cell apoptosis.
Introduction
In the northeastern United States, renal disease has been reported to occur in 10-15% of patients with AIDS (1) However, these investigators suggested that entry of HIV-1 into these tubular cells was through a non-CD4 pathway (8) . Recently, Conaldi et al. (9) in in vitro studies demonstrated that human renal tubular cells express CD4 receptors and HIV-1 kills tubular epithelial cells by triggering an apoptotic pathway. We also reported the presence of CD4 receptors in human tubular cells in culture as well as in renal tissue (10) .
HIV-1 gp160 protein (specific ligand for CD4 receptors) has been reported to have a bimodal effect on tubular cell growth; it induces proliferation at lower concentrations and apoptosis at higher concentrations (11, 12) . Apoptosis is programmed cell death occurring in both physiologic and pathologic conditions in response to various stimuli originating from either within or outside the cell (13) . Apoptosis is usually in balance with cellular differentiation and multiplication. The initial stimulus induces activation of intracellular transduction pathways including
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Human T cells (Jurkat cells), mouse macrophage cell line (J774), and rat kidney (NRK) cells were obtained from ATCC. Human glomerular epithelial cells (HGEC) were used as a positive control; their characterization has been reported previously (24) (25) (26) .
Rabbit anti-human antibody to CD4 was obtained from NIH Research and Reagent Program (Rockville, MD, USA) and goat polyclonal antibody to CD4 from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). Secondary goat anti-rabbit HRPlabeled antibody was obtained from Santa Cruz. Biotinylated goat anti-rabbit antibody was obtained from Vector Laboratories (Burlingame, CA, USA). HIV-1 gp120 (soluble native gp120 of HIV-1 451 , affinity purified from the culture medium of HIV-1 infected human T cells) was obtained from Advanced Biosciences Laboratories (Kensington, MD, USA). HIV-1 mutant gp120 (with aminoacid sequence [REQFGNNKTIIFKQSSGGDPEIVTHSFNC] blockade of CD4 and gp120 interaction) was obtained from NIH Research and Reagent Program. The total p38MAPK goat polyclonal antibodies were purchased from Santa Cruz. Phospho-p38 MAPK (rabbit polyclonal) was obtained from New England Biolabs Inc. (Beverly, MA, USA). Substrate for p38 MAPK, activating transcription factor 2 (ATF-2, 1-96), was obtained from Santa Cruz. SB202190, a selective inhibitor for p38 MAPK was purchased from Calbiochem (La Jolla, CA, USA). Hoechst dye (H-33342) was obtained from Molecular Probes (Eugene, OR, USA), and propidium iodide was purchased from Sigma Chemical Co. (St. Louis, MO, USA). Monoclonal anti-PCNA antibodies were obtained from Santa Cruz Biotechnology Inc.
Human Renal Tissue
Human renal tissue was obtained from microscopically normal areas of nephrectomy specimens from renal cancer patients.
Morphologic Studies
To determine the occurrence of apoptosis, equal numbers of cells were incubated under control and experimental conditions. At the end of the incubation periods, cells were treated with H-33342 (1 g/ml) for 7 min at 37 ЊC. Subsequently, cells (without a wash) were placed on ice and propidium iodide (final concentration, 1 g/ml) was added to each well. Cells were incubated with the dyes for 10 min on ice, protected from light, and examined under ultraviolet light. The percentages of live and apoptotic cells were recorded in eight random fields by two observers unaware of experimental conditions. Hoechst stains the nuclei of live cells and identifies apoptotic cells by increased fluorescence whereas propidium iodide costains the necrosed cells. Double staining by these two agents enables us to obtain the percentage of live, necrosed, and apoptotic cells (27) . To confirm the occurrence of apoptosis, we also stained the cells by TUNEL mitogen-activated protein (MAP) kinases (MAPKs) (14) . MAPKs are a crucial part of the cellular signal transduction machinery and play major roles in cell growth, differentiation, and transformation (15) .
In humans, CD4 not only serves as the receptor for HIV but also contributes to specific cell-cell adhesion (16) (17) (18) (19) . Interaction between CD4 and HIV-1 envelope glycoprotein, gp120 (major fraction of gp 160 protein), may proceed with activation of intracellular signaling including phosphorylation of protein tyrosine kinase, Pyk2 (20) . Pyk2 is phosphorylated on tyrosine either after G protein coupled receptors bind to a ligand or after interaction with agents that elevate intracellular Ca 2ϩ concentration (20) . Recently, in neurons, HIV-1 and its coat protein gp120 have been demonstrated to promote apoptosis and activation of c-Jun NH2-terminal protein kinases (JNK) and mitogen activated protein kinases (21) . The MAPK family includes the JNKs, extracellular signal-regulated kinases (ERKs), and p38 MAPKs. Various stress stimuli, including ultraviolet irradiation, cytokines, and free radicals, induce apoptosis through the activation of either JNK or P38 MAPK (14, 15) . On the other hand, mitogenic stimuli activate the ERK pathway (14, 15) . Both JNK and p38 MAPKs have been shown to phosphorylate and activate transcription factors (involved in proliferative and apoptotic pathways) directly, thus regulating gene expression in response to stimuli that activate them (22) . All three kinases (ERK, JNK, and P38 MAPK) have been shown to be activated in cultured renal cells by a number of different stimuli (23) .
We hypothesize that gp120 protein through interaction with the CD4 receptor activates tubular cell p38 MAPK pathways to initiate the synthesis of transcription factors. To test this hypothesis we studied the effect of gp120 on MAPK activity and phosphorylation. To confirm the role of gp120-induced tubular cell MAPK activation, we examined the effect of SB 202190, a selective inhibitor of p38 MAPK, on gp120-induced tubular cell apoptosis. To establish a relationship between gp120 and CD4 receptors, we evaluated the effect of anti-CD4 antibody on gp120-induced tubular cell apoptosis.
Materials and Methods

Cell Culture
Human proximal tubular cells (proximal tubular cells from a normal adult male immortalized by transduction with human papilloma virus E6/E7 genes, Cat # CRL 2190) were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). These cells were plated in 75-cm 2 flasks and incubated in keratinocyte media containing penicillin (50 U/ml, GIBCO, Grand Island, NY, USA), and streptomycin (GIBCO, 50 g/ml) in an environment of 5% CO 2 and 95% air at 37 ЊC. Cells were grown to subconfluence for all the experimental conditions. were passed through the needle several times. Tubes were incubated for another 30-60 min on ice. The cell lysates were centrifuged at 15,000 ϫg for 20 min at 4 ЊC. The supernatant (total cell lysate) was analyzed for total protein content. The proteins (20 g/ lane) extracted from the tubular cell lysates were separated on a 10% polyacrylamide (PAGE) precast gel (Bio-Rad, Hercules, CA, USA) and transferred onto a nitrocellulose membrane using a Bio-Rad miniblot apparatus. Nitrocellulose membranes were then processed further for immunostaining with anti-CD4 antibody and followed with HRP-labeled secondary antibody. The blots were developed using a chemiluminescence detection kit (Santa Cruz) and were exposed to x-ray film. Parallel studies were performed with goat anti-CD4 antibody to confirm the expression of CD4.
Renal cortical tissue was homogenized in RIPA buffer with protease inhibitors and was separated on 10% PAGE, immunoprecipitated with specific anti-CD4 antibody, immunoblotted with HRP-labeled anti-rabbit antibody, and detected using an ECL kit. Three sets of experiments were carried out.
Northern Blotting Studies for mRNA Expression of CD4
To determine tubular cell mRNA expression of CD4, cells were grown to subconfluence (5 ϫ 10 5 cells/ dish) in Petri dishes. In addition, human glomerular epithelial cells, human T cells (Jurkat cells), and human monocytes (U937) were used as positive controls; human lung fibroblasts were used as a negative controls. Cells were washed twice with PBS. Total RNA was extracted from lysates of confluent cells by the method of Chomczynski and Sacchi (28) . Aliquots of total RNA (20 g) were treated with formamide and formaldehyde, electrophoresed in a 1.2% agarose-formaldehyde gel, and transferred to Hybond-N nylon membranes. The gel was stained with ethidium bromide to determine the size as well as amount of RNA. cDNA probes specific for CD4 (NIH Reagent Program) were labeled with ␣-[ 32 P]-dCTP using a random primed DNA labeling kit. Filters were hybridized at 42 ЊC for 16 hr with the labeled cDNA probe. The membranes were washed to a final high stringency with 0.2 ϫ SSC, 0.1% SDS for 1 ϫ 30 min at 65 ЊC. After washing, the membranes were kept in contact with XAR-5 film and an intensifying screen at Ϫ70 ЊC and developed.
Studies Pertaining to p38 MAPK Activity and Phosphorylation
Equal numbers of cells were incubated under control and experimental conditions. At the end of the incubation period, cells were pelleted, resuspended in ice-cold lysis buffer (20 mM of Tris, pH 7.5, 137 mM of NaCl, 2 mM of EDTA, pH 7.4, 1% Triton X-100, 25 mM of ␤-glycerophosphate, 1 mM of sodium orthovanadate, 2 mM of sodium pyrophosphate, 1 mM of phenylmethanesulfonyl fluoride, and 10 g/ml of aprotinin), vortexed to disrupt the cells, method (kit supplied by Roche Applied Science, Indianapolis, IN, USA).
To determine the occurrence of proliferation, equal numbers of growth-arrested cells (serum starved for 48 hr in 0.1% BSA and 5% ITS containing growth-arrest medium) were incubated under control and experimental conditions followed by labeling for proliferating cell nuclear antigen (PCNA) as described below. PCNA-positive cells were counted in eight random fields and percent of PCNA positive cells were calculated per field. Each experiment was performed in triplicate.
Immunocytochemical Labeling for PCNA
In brief, HK-2 cells were grown on chamber slides, fixed, incubated with 1.5% normal goat serum for 20 min, followed by incubation with primary antibody, PCNA (1:5000; Santa Cruz) for 60 min. After removing unbound primary antibody and rinsing with phosphate-buffered saline (PBS), cells were incubated with biotinylated goat anti-rabbit antibody (1:200; Vector Laboratories) for 60 min. Cells were rinsed and then incubated with avidinbiotinylated HRP (Vectastain Elite ABC Kit; Vector Laboratories) for 30 min, followed by incubation with 0.1% diaminobenzidine tetrahydrochloride (Sigma) in d/w containing urea and then mounted. Experimental negative controls consisted of substituting the primary antibody with PBS.
Immunohistochemical Studies for CD4 Expression (Human Renal Tissue Sections)
Renal cortical tissues were fixed in formalin, embedded in paraffin, and cut into 5-m thick sections. Serial sections were immunostained using the avidinbiotin peroxidase complex (ABC) method. After deparaffinization, hydration and a quenching step with 3% hydrogen peroxide in methanol, sections were washed with PBS and blocked with a 1.5% normal goat serum. The incubation period was 20 min at 22 ЊC, followed by incubation with rabbit polyclonal anti-human CD4 antibody (1:8000) for 60 min at 22 ЊC. The rest of the protocol was the same as described above. Negative controls consisted of substituting the primary antibody with nonspecific rabbit IgG. Parallel studies were performed with goat anti-CD4 antibody to confirm the staining pattern.
Western Blotting Studies for CD4 Expression
Renal tubular cells were grown to subconfluence in 100-mm Petri dishes (human glomerular epithelial cells, U937 cells, Jurkat cells, and mouse macrophage cell line [J774] were used as positive controls and normal rat kidney cells as a negative control). Petri dishes with subconfluent cells were placed on ice and washed with ice-cold PBS. Subsequently, cells were scraped in a modified ice-cold RIPA lysis buffer. To shear the DNA, the scraped cell solution was transferred, in a syringe fitted with a 21-gauge needle, to a microcentrifuge tube and cell lysates and assayed for protein content with a BCA protein measurement kit (Pierce, Rockford, IL, USA). One hundred to one hundred fifty micrograms of total crude extract was immunoprecipitated with 5 g of anti-p38 MAPK-antibody-sepharose conjugate. After 1 hr at 4 ЊC, the beads were washed three times with lysis buffer and twice with kinase buffer (25 mM of HEPES, pH 7.4, 25 mM of MgCl 2 , 25 mM of ␤-glycerophosphate, 1 mM of NaVO 3 , and 2 mM of dithiothreitol). Immune complex kinā¯s¯e assays were performed at 37 ЊC for 15 min in a total volume of 30 l of kinase buffer containing the immunoprecipitate, 1 g of substrate (ATF-2), 16 M of unlabeled ATP, and 0.67 Ci of [␥- 32 P] ATP (6000 Ci/mmol; 10 mCi/ml). The reaction was terminated with Laemmli buffer containing dithiothreitol. Samples were boiled and resolved on a 15% sodium dodecyl sulfate-polyacrylamide gel and transferred to a PVDF membrane (Bio-Rad) in 192 mM of glycine, 25 mM of Tris-base, and 20% v/v methanol overnight at 20 V. After transfer, the blot was wrapped in plastic wrap and exposed to x-ray film with an intensifying screen at Ϫ70 ЊC overnight. Three series of experiments were carried out.
To confirm the role of MAPK activity, we studied the effect of SB 202190, a selective inhibitor of p38 MAPK, on gp120-induced tubular cell P38 MAPK activation. In brief, equal numbers of growtharrested tubular cells were treated under control and experimental conditions. Subsequently, cells were processed for immune complex kinase assay (29) .
Immunoprecipitation Studies Using Phospho-antibodies
The activation of MAPKs requires specific phosphorylation of the threonine and tyrosine residues within the TXY motif (30) . Equal numbers of cells were incubated under control and experimental conditions. At the end of the incubation period, cells were lysed in ice-cold RIPA buffer as mentioned earlier. Three hundred micrograms of proteins were subjected to immunoprecipitation with 5 l of phospho-p38MAPK (rabbit polyclonals, New England Biolabs) in 200 l of an IP buffer containing 50 mM of EDTA and 3% Nonidet P-40, and were placed on a shaker for 1 hr at 4 ЊC. Then, 30 l of protein A/G plus sepharose beads were added and the rotation was continued for the next 2 hr. Subsequently, beads were washed twice with IP buffer and twice with a solution of 12.5 mM of ß-glycerol phosphate, 20 mM of MOPS (pH 7.2), 5 mM of EGTA, 7.5 mM of MgCl 2, 50 mM of NAF, and 0.25 mM of DTT. The beads were resuspended in sample buffer, subjected to Western blotting with goat anti-p38 MAPK antibody, immunoblotted with HRP-labeled anti-goat antibody, and detected by ECL (Pierce).
ELISA for Caspase-3 Activity
Equal numbers HK-2 cells were incubated in media containing either buffer (control) or gp120 (1, 10, and 100 ng/ml) for 16 hr. At the end of the incubation period, cells were harvested and prepared for the measurement of caspase-3 activity with the use of Caspase-3 assay kit (Casp-3-C, Sigma).
Statistical Analysis
For comparison of mean values between two groups, the unpaired t-test was used. To compare values among multiple groups, ANOVA was applied and a Newman-Keuls multiple-range test was used to calculate a q value. All values are means Ϯ SEM except where otherwise indicated. Statistical significance was defined as p Ͻ 0.05.
Results
Morphologic Studies
To determine the dose response effect of gp120, equal numbers of tubular cells were incubated either with buffer (control) or variable concentrations of gp120 protein (1-100 ng/ml) for 24 hr. Subsequently cells were assayed for apoptosis (H-33342 and propidium iodide; TUNEL method). Representative micrographs of tubular cells treated under control and experimental conditions are shown in Figure 1A (a, b, c, and d) . gp120 promoted tubular cell apoptosis in a dose-dependent manner ( Fig. 2A) .
To determine the role of gp120 motif binding to CD4, we studied the effect of HIV-1 mutant gp120. Equal numbers of tubular cells were incubated in media containing either buffer (control) or HIV-1 mutant gp120 (0.01-100.00 ng/ml) for 18 hr. Subsequently, cells were stained for apoptosis. As shown in Figure 2B , mutant gp120 did not modulate tubular cell apoptosis. These findings suggest that an alteration of the gp120-binding motif attenuates CD4-induced downstream signaling.
To establish a relationship between gp120 protein and CD4 receptor interaction, equal numbers of tubular cells were incubated either with buffer (control), anti-CD4 antibody (1 g/ml), or gp120 protein (10-100 ng/ml) with or without anti-CD4 antibody (cells were primed with anti-CD4 antibody 2 hr prior to the addition of gp120) for 18 hr. gp120 promoted tubular cell apoptosis (Fig. 2C) ; however, anti-CD4 antibody inhibited (p Ͻ 0.001) the gp120-induced tubular cell apoptosis.
To determine the role of MAPK activity in gp120-induced apoptosis, we studied the effect of SB 202190, a selective inhibitor of p38 MAPK. Equal numbers of tubular cells were treated either with buffer (control), SB 202190 (5 M), gp120 protein (10-100 ng/ml) with or without SB 202190 for 18 hr. Subsequently, cells were assayed for apoptosis. gp120 promoted tubular cell apoptosis (Fig. 2D) ; whereas, SB 202190 attenuated (p Ͻ 0.001) the gp120-induced tubular cell apoptosis.
To compare the dose-response effect of gp120 on tubular cell proliferation and apoptosis, we carried out apoptosis and proliferation studies in parallel. Equal numbers of growth-arrested cells were treated promoted the percentage of apoptotic cells. Representative micrographs of tubular cell PCNA labeling under control and experimental conditions are shown in Figure 1A (e and f). These findings suggest that gp120 has a bimodal effect on tubular cell growth.
with variable concentrations of gp120 (0-100 ng/ml). Subsequently, cells were either labeled for PCNA or stained with H-33342. As shown in Figure 2E , gp120 at lower concentrations increased the number of PCNA positive cells; gp120 at higher concentrations 
Studies Pertaining to CD4 Expression
In renal tissue sections, tubular cells showed staining for CD4 (Fig. 1B) . Western blots prepared from renal tissue and probed for CD4 showed expression of CD4 (Fig. 3A) . Cultured proximal tubular cells also showed expression of CD4 (Fig. 3B) . Positive controls, including human glomerular epithelial cells, U937 cells, mouse macrophage cell line (J774) Equal numbers of HK-2 cells were incubated in media containing either buffer (control), gp120 (10 ng/ml, gp10), gp120 (100 ng/ml, gp100), anti-CD4 antibody (1 g/ml), or gp120 ϩ anti-CD4 antibody (cells were primed with anti-CD4 antibody 2 hr prior to addition of gp120) for 18 hr. Subsequently, cells were stained for apoptosis. Results (mean Ϯ SEM) are from four sets of experiments. *p Ͻ 0.001 compared with control and anti-CD4. **p Ͻ 0.001 compared with control, gp120 (10 ng), gp120 (10 ng) ϩ anti-CD4, and gp120 (100 ng) ϩ anti-CD4. (D) Effect of p38 MAPK inhibitor (SB 202190) on gp120-induced tubular cell apoptosis. Equal numbers of HK-2 cells were incubated in media containing either buffer (control), gp120 (10 ng/ml, gp10), gp120 (100 ng/ml, gp100), SB 202190 (SB, 5 M), or gp120 ϩ SB 202190 (cells were primed with SB 202190, 2 hr prior to addition of gp120) for 18 hr. Subsequently, cells were stained for apoptosis. Results (mean Ϯ SEM) are from four sets of experiments. *p Ͻ 0.01 compared with control. **p Ͻ 0.001 compared with control, gp120 (10 ng), gp120 (10 ng) ϩ SB202190, and gp120 (100 ng) ϩ SB202190. ***p Ͻ 0.01 compared with gp120 (10 ng) ϩ SB202190. ****p Ͻ 0.001 compared with control, SB 202190, and gp120 (10 ng) ϩ SB202190. (E) Effect of gp120 on proliferative and apoptosis indices. Equal numbers of growth-arrested cells were treated either with media alone (control) or variable concentrations of gp120 (0.01-100.00 ng/ml). Subsequently, cells were labeled either for PCNA or with H-33342.
To determine the time course effect of gp120, equal numbers of cells were incubated with either buffer (control) or gp120 protein (10 ng/ml) for variable time periods (0, 0.5, 1, 3, 5, 10, 15, 30, and 60 min). Subsequently, the samples were processed for kinase assay. gp120 enhanced the activation of p38MAPK in a time-dependent manner (Fig. 4B) . gp120 also promoted phosphorylation of p38 MAPK in a time-dependent manner (Fig. 4B) .
To evaluate the role of p38 MAPK activation, we studied the effect of SB 202190, a selective inhibitor of p38 MAPK, on gp120-induced MAPK activity. Equal numbers of growth-arrested tubular cells were treated with either buffer (control), or gp120 protein (10-100 ng/ml) with or without SB 202190 (1, 5, and 10 M) for 18 hr. Subsequently, the samples were processed for kinase assay. gp120 (10-100 ng/ml) promoted kinase activity in tubular epithelial cells. At higher concentrations, SB 202190 completely inhibited the gp120 (100 ng/ml)-induced kinase activity (Fig. 4C) .
Studies Pertaining to Caspase-3 Activity
To evaluate the role of caspase-3 in gp120-induced tubular cell apoptosis, tubular cells were treated with either buffer or gp120 (1.0-100.0 ng/ml) for 16 hr. Subsequently, cells were harvested and caspase-3 activity was measured. gp120 enhanced caspase-3 activity in a dose-dependent manner (Table 1) .
Discussion
The present study demonstrates that gp120 promoted tubular cell apoptosis through CD4 receptors. Because gp120-induced tubular cell apoptosis as well as P38 MAPK phosphorylation was inhibited by SB 202190, it appears that the gp120-induced downstream signaling proceeds through P38 MAPK activation.
HIV-1 usually targets CD4 receptors for its entry into a cell (16) . Interaction of gp160 with CD4 receptors not only facilitates entry of the virus, but also initiates the chain of events including syncitium formation, interference with signaling pathways, cytopathic effects, and priming of cells for apoptosis (16) (17) (18) (19) (20) . Because pretreatment of gp160 with soluble CD4 attenuated the majority of the effects of HIV-1, it appears that the effects of gp160 protein are mediated through CD4 receptors (20) . Moreover, gp160 protein has been reported to activate NF-B through its interaction with CD4 (20) .
HIVAN is accompanied by significant tubular abnormalities, including microcystic dilatation of tubules, apoptosis, necrosis, and proliferation of tubular cells (31, 32) . Because mice transgenic for HIV-1 genes developed renal lesions similar to those found in HIVAN, Ray et al. (33) have suggested that the HIV-1 infection of tubular cells is not essential for the development of tubular lesions. We previously reported that HIV-1 gp160 envelope protein stimulated and Jurkat cells, also showed expression of CD4; rat kidney cells did not show CD4 expression. Cultured proximal tubular cells showed mRNA expression of CD4 (Fig. 3C) . Positive controls, including U937, Jurkat cells, and glomerular epithelial cells, also showed mRNA expression of CD4; human lung fibroblasts (negative controls) did not show mRNA expression of CD4.
Studies Pertaining to Activity of MAPK Cascade
To evaluate the dose-response effect of HIV-1 gp120 on tubular cell MAPK activation and phosphorylation, equal numbers of growth-arrested tubular cells were treated with either buffer (control) or variable concentrations of gp120 protein (1-100 ng/ml) for 15 min. Subsequently, tubular cell MAPK activity was assayed. gp120 promoted the activity of p38 MAPK in a dose-dependent manner (Fig. 4A) . gp120 also promoted phosphorylation of p38 MAPK (Fig. 4A) . the proliferation of human proximal tubular cells (12) . Moreover, gp160 protein also modulated matrix production by tubular cells (21) . However, in those studies, we did not evaluate the role of CD4 receptors. Retrospectively, it appears that gp160 may have interacted through CD4 receptors. Conaldi et al. (9) , in their pioneer studies, demonstrated that HIV-1 could actively replicate in proximal tubular cells and mesangial cells. However, the outcome of HIV-1 infection was different in these two cells (8) . HIV-1 infection promoted renal tubular cell death through apoptosis, but did not produce any cytopathic effects in mesangial cells. On the other hand, we previously reported that HIV-1 gp160 envelope protein enhanced the apoptosis of mesangial cells (34) . This discrepancy in the Moreover, the present study highlights the functional role of CD4 receptors in the induction of tubular cell injury.
We conclude that gp120, through interaction with CD4, triggers tubular cell apoptosis. This effect of gp120 seems to be mediated through tubular cell p38 MAPK phosphorylation.
observations may be related to the use of different techniques for the evaluation of apoptosis. Conaldi et al. (9) used acridine orange to detect the cytopathic effect of HIV-1 on mesangial cells, whereas we utilized H-33342, a specific dye, for morphologic evaluation of apoptosis in mesangial cells (34) . Use of acridine orange makes it difficult at times to distinguish between apoptotic and necrotic cells.
HIV-1 has been demonstrated to trigger tubular cell apoptosis (9, 11, 35) . Studies by Bruggeman et al. (36) , in which they transplanted kidneys between normal and HIV-transgenic mice showed that only the kidney containing the HIV-transgene develops renal lesions that mimic HIVAN. This emphasizes that the presence of HIV-1 gene products in renal cells is necessary and sufficient in the development of renal lesions in HIVAN. Barisoni et al. (37) demonstrated that glomerular and tubular epithelial cells express HIV-1 transgene early in the disease process while the renal architecture is still preserved. As the disease progresses, many tubular cells develop apoptosis and also lose transgene expression. Interestingly, tubular epithelial cells in microcysts show mislocalization of Na ϩ , K ϩ -ATPase expression (37) . These studies suggest that both glomerular and tubular epithelial cells are the primary targets of HIV-1 in the pathogenesis of HIVAN (37) .
In renal disease, MAPKs have been shown to be activated in response to both growth factors and proinflammatory cytokines in a number of pathologic conditions (38) (39) (40) (41) . Phosphorylation of MAPKs are not only limited to the cell culture environment, but activation of these enzymes has also been reported in the intact tissue by diverse stimuli (41) (42) (43) . In the present study, gp120 promoted not only the activity but also the phosphorylation of p38 MAPK. The biological significance of this activation was confirmed by SB 202190-induced inhibition both under basal and gp120-induced stimulated states. The effect Equal numbers HK-2 cells were incubated in media containing either buffer (control) or gp120 (1, 10, and 100 ng/ml) for 16 hr. At the end of the incubation period, cells were harvested and prepared for the measurement of caspase-3 activity with the use of caspase-3 assay kit. Results (means Ϯ SEM M release of caspase-3) are from four sets of experiments. * p Ͻ 0.001 compared with control, gp120, 1 ng/ml and gp120, 100.0 ng/ml. ** p Ͻ 0.001 compared with control and gp120, 1.0 and 10.0 ng/ml.
